Lung cancer is the second-most common cancer and the leading cancer-related cause of death in both men and women ([@pkz020-B1]). Non-small cell lung cancer (NSCLC) is the most common type of lung cancer, comprising approximately 84% of all lung cancers ([@pkz020-B2]). There are two subtypes, nonsquamous and squamous. Approximately one-half (55%) of patients with NSCLC are diagnosed with distant stage disease with very poor survival rates (5% survival at 5 years) ([@pkz020-B2]). Systemic therapies are the main treatment for patients with stage IV disease ([@pkz020-B3]).

Many different drugs and combinations of drugs are used as first-line systemic treatment for stage IV nonsquamous NSCLC. Platinum-based chemotherapy has been used for many years and remains the mainstay of treatment ([@pkz020-B4],[@pkz020-B5]). However, in the past two decades, multiple targeted drugs have been developed and used to treat stage IV nonsquamous NSCLC ([@pkz020-B6]). The National Comprehensive Cancer Network (NCCN) guidelines have recommended molecular testing since 2011 to identify driver mutations for targeted therapy ([@pkz020-B7]). A targeted agent is recommended as first-line treatment if an actionable mutation is present. If no mutation is present, other treatment options for nonsquamous NSCLC include platinum-based chemotherapy, with or without bevacizumab (a vascular endothelial growth factor inhibitor), and/or pemetrexed ([@pkz020-B3]). First-line treatment with the immune checkpoint inhibitor pembrolizumab is now also an option ([@pkz020-B12],[@pkz020-B13]). For patients with poor performance status and no actionable mutations, single agents or best supportive care are recommended. If the tumor is of squamous histology, then platinum-based chemotherapy is recommended ([@pkz020-B3]).

Systemic treatments, including targeted therapies, have been shown to increase survival in clinical trials ([@pkz020-B14]). However, the administration and effectiveness of different drug combinations at the population level are unknown. Prior studies have focused on particular drug regimens, certain hospital types, small population cohorts, or non-US communities ([@pkz020-B21]). There is a paucity of information on US population-level utilization of systemic treatments in NSCLC. This retrospective study sought to determine the use of first-line systemic treatments and compare overall survival (OS) by treatment groups among all stage IV NSCLC patients in the large and diverse California population.

Methods
=======

Study Population
----------------

We identified patients diagnosed with a first primary, stage IV NSCLC from 2012 to 2014 who were age 20 years or older at diagnosis through the California Cancer Registry (CCR). The state-mandated CCR is a population-based cancer surveillance system that collects reports on all incident cancers diagnosed annually in California. The CCR has collected data on tumor characteristics, treatment, and patient demographics since 1988, with annual follow-up for vital status. Data are collected through a network of regional registries, which are also affiliated with the National Cancer Institute (NCI)'s Surveillance, Epidemiology, and End Results program ([@pkz020-B28]).

Individual NSCLC patients were selected using the International Classification of Diseases for Oncology, 3rd edition, World Health Organization (ICD-O-3/WHO) site recode 2008 definition and the 2015 WHO classification of lung tumors ([@pkz020-B32],[@pkz020-B33]). Included in the analysis were squamous cell carcinoma (ICD-O-3 codes: 8070, 8071, 8072, 8073, 8083, 8084, 8052, 8123), adenocarcinoma (ICD-O-3 codes: 8140, 8250, 8551, 8260, 8265, 8230, 8253, 8254, 8480, 8333, 8144, 8256, 8257, 8550, 8255, 8251, 8252, 8470, 8481, 8490), and non-small cell carcinoma not otherwise specified (NOS) (ICD-O-3 codes: 8012, 8560, 8022, 8032, 8031, 8980, 8972, 8033, 8046, 8310, 8014, 8082, 8200, 8430) ([Supplementary Figure A1, available online](#sup1){ref-type="supplementary-material"}). Stage at diagnosis was assigned using the American Joint Committee on Cancer staging system rules.

This study received an exempt determination from the University of California, Davis Institutional Review Board.

Baseline Covariates
-------------------

Patient characteristics collected in the CCR and used in the analysis include sex, race/ethnicity, neighborhood socioeconomic status (SES), health insurance type, rural/urban residence, age at diagnosis, comorbidity score, treatment at NCI-designated cancer centers, tumor histology, and radiation treatment. Sex was defined as male or female. Race/ethnicity was classified as non-Hispanic white, non-Hispanic black, Hispanic, Asian/Pacific Islander, and other/unknown based on the North American Association of Central Cancer Registries' Hispanic and Asian/Pacific Islander Identification Algorithm ([@pkz020-B34]).

Neighborhood SES was measured using an established aggregate measure based on 2010 census block values of education, occupation, unemployment, household income, poverty, rent, and home price ([@pkz020-B35]). Rural/urban residence was based on Medical Service Study Area designations and on the 2010 US Census.

Health insurance was categorized as private/military (managed care, private fee for service, health maintenance organization, preferred provider organization, Medicare with supplement NOS, Medicare with private supplement, Veterans Affairs, Tricare, military treatment facilities, insurance NOS), Medicare (Medicare through managed care plan), Medicaid/public (Medicaid, Medicaid/managed care, Medicare with Medicaid eligibility, Medicare/Medicaid NOS, county funded NOS, Indian/Public Health Service, not insured, not insured/self-pay), and unknown. Not insured was included in the Medicaid/public category because frequently uninsured cancer patients retroactively enroll in Medicaid ([@pkz020-B36]).

The Charlson comorbidity index, described by Deyo et al. ([@pkz020-B37]), was used to assign patient comorbidity scores of 0, 1, and 2 or more, based on 16 medical conditions, excluding cancer diagnoses, reported in the Office of Statewide Health Planning and Development patient hospital discharge data linked to the CCR database ([@pkz020-B38]). Treatment at NCI-designated cancer centers was determined by reviewing all reporting facilities where a patient was treated.

Radiation treatment (yes/no) was included in the analysis because studies indicate that it may act synergistically with systemic treatments to upregulate the immune system and extend survival ([@pkz020-B39]).

First-Line Systemic Treatment Groups
------------------------------------

First-line systemic treatment was the primary exposure of interest. It was defined as the initial systemic or oral chemotherapy administered. This information is reported to the CCR by each treating facility where the patient was seen and is contained in unstructured free text fields. We manually reviewed treatment text fields to determine treatment type.

The treatments identified in the text fields were grouped into six clinically meaningful categories that align with NCCN treatment guidelines ([@pkz020-B3]) as follows: 1) platinum doublets (any platinum chemotherapy in combination with another chemotherapy drug, excluding pemetrexed and bevacizumab); 2) pemetrexed-based combinations (pemetrexed alone or combined with a platinum agent); 3) bevacizumab-based combinations (bevacizumab alone or combined with platinum chemotherapy or another chemotherapeutic drug excluding pemetrexed; 4) pemetrexed plus bevacizumab (used together or with a platinum agent); 5) single agent (platinum or nonplatinum); 6) tyrosine kinase inhibitors (TKIs). If the treatment text fields indicated that systemic treatment was given but the drug name was missing, then treatment was categorized as systemic treatment NOS. If treatment text fields were blank or noninformative, then treatment was categorized as unknown. Treatment was categorized as "none" only when there was indication that none was given.

Outcomes
--------

OS was the primary outcome, calculated as days from the date of diagnosis to the date of death or date of last follow-up through 2017.

Statistical Analyses
--------------------

Analyses were conducted using SAS software version 9.4 (SAS Institute Inc, Cary, NC). Sociodemographic and clinical characteristics of NSCLC patients are presented by receipt of each treatment group. We used multivariable multinomial logistic regression to evaluate the association of patient characteristics and receipt of treatments. OS was estimated using the Kaplan-Meier method within treatment groups. Log-rank tests were used to assess statistically significant differences in OS between treatment groups. Multivariable Cox proportional hazards regression analysis was performed for OS by treatment groups adjusting for variables likely to be associated with the receipt of treatment and OS. Treatment was considered as a time-dependent variable and created in the regression models based on the number of days between diagnosis and initiation of treatment. Subgroup analyses by age group (younger than 70 years, 70 years and older), by squamous histology, and using different treatment reference groups were conducted. Sensitivity analyses were performed combining unknown and no treatment.

We assessed the proportional hazards assumption by plotting the log of negative log of the Kaplan-Meier estimates of the survival function vs the log of time for all predictor variables. We tested for interactions among variables of interest and assessed model goodness of fit.

Results
=======

Of the 17 254 patients in our study, 82% had nonsquamous and 18% had squamous histology. Specific treatment information was found for 78% of the study population, and 51% of patients were known to have received first-line treatment. For patients with nonsquamous histology, the most common treatment was pemetrexed-based regimens (14.8%) followed by TKIs (11.9%) and platinum doublets (11.5%). Few patients received pemetrexed plus bevacizumab combinations (4.5%), bevacizumab-based combinations (3.6%), or single agents (1.7%). For patients with squamous histology, the most common treatment was platinum doublets (33.7%) ([Table 1](#pkz020-T1){ref-type="table"}).

###### 

Characteristics of stage IV NSCLC patients by treatment type, 2012--2014, California\*

                      Platinum doublets   Pemetrexed based   Bevacizumab based   Pemetrexed + bevacizumab   Single agents   TKIs          Chemo NOS   No treatment   Unknown       All
  ------------------- ------------------- ------------------ ------------------- -------------------------- --------------- ------------- ----------- -------------- ------------- ---------------
                      2680 (15.5)         2114 (12.2)        530 (3.1)           635 (3.7)                  324 (1.9)       1711 (9.9)    812 (4.7)   5468 (31.7)    2980 (17.3)   17 254 (100)
  Sex                                                                                                                                                                               
   Male               1563 (17.2)         1111 (12.2)        281 (3.1)           298 (3.3)                  187 (2.1)       643 (7.1)     440 (4.8)   2936 (32.3)    1643 (18.1)   9102 (52.8)
   Female             1117 (13.7)         1003 (12.3)        249 (3.1)           337 (4.1)                  137 (1.7)       1068 (13.1)   372 (4.6)   2532 (31.1)    1337 (16.4)   8152 (47.2)
  Race/ethnicity                                                                                                                                                                    
   NH white           1765 (16.4)         1333 (12.4)        346 (3.2)           459 (4.3)                  221 (2.1)       698 (6.5)     526 (4.9)   3597 (33.5)    1804 (16.8)   10 749 (62.3)
   NH black           246 (17.1)          198 (13.8)         48 (3.3)            24 (1.7)                   26 (1.8)        63 (4.4)      65 (4.5)    476 (33.2)     290 (20.2)    1436 (8.3)
   Hispanic           318 (14.4)          255 (11.5)         57 (2.6)            63 (2.8)                   42 (1.9)        213 (9.6)     115 (5.2)   708 (32.0)     444 (20.1)    2215 (12.8)
   API                329 (12.2)          303 (11.2)         76 (2.8)            84 (3.1)                   31 (1.2)        724 (26.8)    103 (3.8)   650 (24.0)     404 (14.9)    2704 (15.7)
   Unknown            22 (14.7)           25 (16.7)          3 (2.0)             5 (3.3)                    4 (2.7)         13 (8.7)      3 (2.0)     37 (24.7)      38 (25.3)     150 (0.9)
  SES (quintiles)                                                                                                                                                                   
   1 (low)            425 (14.7)          259 (9.0)          75 (2.6)            77 (2.7)                   58 (2.0)        159 (5.5)     154 (5.3)   1084 (37.5)    597 (20.7)    2888 (16.7)
   2                  592 (16.8)          373 (10.6)         102 (2.9)           102 (2.9)                  56 (1.6)        287 (8.1)     158 (4.5)   1200 (34.0)    660 (8.7)     3530 (20.5)
   3                  636 (17.2)          453 (12.2)         116 (3.1)           121 (3.3)                  58 (1.6)        340 (9.2)     185 (5.0)   1198 (32.3)    596 (16.1)    3703 (21.5)
   4                  558 (14.8)          515 (13.7)         128 (3.4)           144 (3.8)                  94 (2.5)        412 (10.9)    182 (4.8)   1129 (29.9)    609 (16.2)    3771 (21.9)
   5 (high)           469 (14.0)          514 (15.3)         109 (3.2)           191 (5.7)                  58 (1.7)        513 (15.3)    133 (3.9)   857 (25.5)     518 (15.4)    3362 (19.5)
  Insurance type                                                                                                                                                                    
   Private/military   1579 (16.6)         1313 (13.8)        349 (3.7)           390 (4.1)                  174 (1.8)       1061 (11.1)   405 (4.3)   2737 (28.7)    1525 (16.0)   9533 (55.3)
   Medicare           213 (13.9)          174 (11.3)         31 (2.0)            60 (3.9)                   30 (1.9)        132 (8.6)     67 (4.4)    567 (36.9)     264 (17.2)    1538 (8.9)
   Medicaid/public    839 (14.3)          595 (10.2)         141 (2.4)           179 (3.1)                  116 (1.9)       496 (8.5)     319 (5.5)   2050 (35.0)    1115 (19.1)   5850 (33.9)
   Unknown            49 (14.7)           32 (9.6)           9 (2.7)             6 (1.8)                    4 (1.2)         22 (6.6)      21 (6.3)    114 (34.2)     76 (22.8)     333 (1.9)
  Rural/urban                                                                                                                                                                       
   Rural              435 (17.5)          274 (11.0)         80 (3.2)            100 (4.0)                  58 (2.3)        160 (6.4)     144 (5.8)   834 (33.5)     407 (16.3)    2492 (14.4)
   Urban              2245 (15.2)         1840 (12.5)        450 (3.1)           535 (3.6)                  266 (1.8)       1551 (10.5)   668 (4.5)   4634 (31.4)    2573 (17.4)   14 762 (85.6)
  Age group, y                                                                                                                                                                      
   20--49             131 (18.1)          120 (16.6)         32 (4.4)            45 (6.2)                   9 (1.2)         161 (22.3)    43 (5.9)    101 (14.0)     81 (11.2)     723 (4.2)
   50--64             949 (19.8)          718 (14.9)         228 (4.8)           239 (4.9)                  72 (1.5)        556 (11.6)    229 (4.8)   1094 (22.8)    714 (14.9)    4799 (27.8)
   65 plus            1600 (13.6)         1276 (10.9)        270 (2.3)           351 (2.9)                  243 (2.1)       994 (8.5)     540 (4.6)   4273 (36.4)    2185 (18.6)   11 732 (68.0)
  Charlson Score                                                                                                                                                                    
   0                  793 (15.2)          762 (14.6)         217 (4.2)           301 (5.8)                  92 (1.8)        788 (15.1)    246 (4.7)   1263 (24.2)    752 (14.4)    5214 (30.2)
   1                  782 (17.3)          588 (13.0)         149 (3.3)           168 (3.7)                  86 (1.9)        329 (7.3)     226 (5.0)   1414 (31.3)    779 (17.2)    4521 (26.2)
   \>1                713 (14.2)          416 (8.3)          101 (2.0)           95 (1.9)                   106 (2.1)       287 (5.7)     234 (4.7)   2069 (41.3)    988 (19.7)    5009 (29.0)
   Unknown            392 (15.6)          348 (13.9)         63 (2.5)            71 (2.8)                   40 (1.6)        307 (12.2)    106 (4.2)   722 (28.8)     461 (18.4)    2510 (14.6)
  NCI designation                                                                                                                                                                   
   Yes                370 (17.2)          466 (21.7)         66 (3.1)            116 (5.4)                  33 (1.5)        368 (17.1)    52 (2.4)    436 (20.3)     244 (11.3)    2151 (12.5)
   No                 2310 (15.3)         1648 (10.9)        464 (3.1)           519 (3.4)                  291 (1.9)       1343 (8.9)    760 (5.0)   5032 (33.3)    2736 (18.1)   15 103 (87.5)
  Histology                                                                                                                                                                         
   Squamous           1062 (33.7)         14 (0.4)           26 (0.8)            2 (0.1)                    92 (2.9)        33 (1.1)      178 (5.6)   1193 (37.8)    555 (17.6)    3155 (18.3)
   Nonsquamous        1618 (11.5)         2100 (14.8)        504 (3.6)           633 (4.5)                  232 (1.7)       1678 (11.9)   634 (4.5)   4275 (30.3)    2425 (17.2)   14 099 (81.7)
  Radiation                                                                                                                                                                         
   Yes                1330 (21.6)         917 (14.9)         226 (3.7)           263 (4.3)                  153 (2.5)       695 (11.3)    355 (5.8)   1392 (22.6)    822 (13.4)    6153 (35.7)
   No                 1350 (12.2)         1195 (10.8)        304 (2.7)           372 (3.4)                  171 (1.5)       1016 (9.2)    455 (4.1)   4067 (36.7)    2149 (19.4)   11 079 (64.2)
   Unknown            0 (0)               2 (9.1)            0 (0)               0 (0)                      0 (0)           0 (0)         2 (9.1)     9 (40.9)       9 (40.9)      22 (0.1)

\*API = Asian Pacific Islander; NCI = National Cancer Institute; NH = non-Hispanic; NOS = not otherwise specified; NSCLC = non-small cell lung cancer; SD = standard deviation; SES = socioeconomic status; TKI = tyrosine kinase inhibitor.

Systemic treatment choice varied by patient demographic and clinical characteristics. Patients taking pemetrexed regimens (with or without bevacizumab) or TKIs were more likely to reside in the highest SES neighborhoods and to be treated at NCI-designated cancer centers. TKI users were more likely to be female and Asian/Pacific Islander and to live in an urban area. Untreated patients were older, had more comorbidity, resided in lower SES neighborhoods, were more likely to have public insurance, and were less likely to be treated at NCI-designated cancer centers ([Table 1](#pkz020-T1){ref-type="table"}).

[Table 2](#pkz020-T2){ref-type="table"} shows the results of multivariable multinomial logistic regression analysis. Patients in the lowest SES quintile had statistically significantly decreased odds of receiving platinum doublets (odds ratio \[OR\] = 0.79, 95% confidence interval \[CI\] = 0.64 to 0.97), pemetrexed-based regimens without or with bevacizumab (OR = 0.47, 95% CI = 0.38 to 0.57 without bevacizumab; OR = 0.40, 95% CI = 0.29 to 0.54 with bevacizumab), bevacizumab-based regimens (OR = 0.60, 95% CI = 0.43 to 0.85), or TKIs (OR = 0.30, 95% CI = 0.24 to 0.37) compared with those in the highest SES quintile. The odds of receiving most treatments decreased with increasing age and increasing comorbidity. Patients with Medicaid/public insurance (vs private/military) and patients treated at non-NCI-designated centers were less likely to receive most treatments.

###### 

Multivariable-adjusted\* OR and 95% CI estimates for characteristics associated with systemic treatment type among stage IV nonsquamous NSCLC patients, 2012--2014, California\*

                                                  Treatment type (vs no systemic treatment)                                                                                            
  ----------------------------------------------- ------------------------------------------- --------------------- --------------------- --------------------- ---------------------- ---------------------
  Sex: female (reference)                                                                                                                                                               
   Male                                           1.10 (0.98 to 1.24)                         1.07 (0.96 to 1.19)   1.12 (0.93 to 1.35)   0.92 (0.77 to 1.09)   1.16 (0.89 to 1.52)    0.55 (0.48 to 0.62)
  Race/ethnicity: API (reference)                                                                                                                                                       
   Black                                          0.93 (0.72 to 1.21)                         1.17 (0.92 to 1.48)   1.01 (0.68 to 1.51)   0.51 (0.32 to 0.83)   1.70 (0.89 to 3.22)    0.17 (0.12 to 0.23)
   Hispanic                                       1.05 (0.83 to 1.32)                         1.08 (0.87 to 1.34)   0.86 (0.59 to 1.26)   0.93 (0.65 to 1.33)   1.90 (1.07 to 3.38)    0.39 (0.32 to 0.48)
   Non-Hispanic white                             0.92 (0.77 to 1.11)                         0.91 (0.77 to 1.07)   0.90 (0.68 to 1.19)   1.11 (0.85 to 1.44)   1.45 (0.89 to 2.36)    0.19 (0.16 to 0.22)
   Other-unknown                                  1.04 (0.48 to 2.26)                         2.05 (1.12 to 3.76)   0.95 (0.28 to 3.29)   1.38 (0.50 to 3.80)   3.46 (0.95 to 12.59)   0.44 (0.22 to 0.90)
  Neighborhood SES: 5 (highest SES) (reference)                                                                                                                                        
   4                                              0.91 (0.75 to 1.10)                         0.83 (0.70 to 0.97)   0.93 (0.70 to 1.23)   0.62 (0.48 to 0.79)   1.16 (0.78 to 1.73)    0.66 (0.55 to 0.79)
   3                                              0.95 (0.78 to 1.14)                         0.70 (0.59 to 0.83)   0.82 (0.61 to 1.09)   0.50 (0.39 to 0.65)   0.71 (0.46 to 1.09)    0.53 (0.44 to 0.63)
   2                                              1.01 (0.83 to 1.23)                         0.64 (0.53 to 0.76)   0.71 (0.52 to 0.97)   0.47 (0.36 to 0.62)   0.73 (0.47 to 1.14)    0.51 (0.42 to 0.62)
   1 (lowest SES)                                 0.79 (0.64 to 0.97)                         0.47 (0.38 to 0.57)   0.60 (0.43 to 0.85)   0.40 (0.29 to 0.54)   0.66 (0.40 to 1.07)    0.30 (0.24 to 0.37)
  Insurance type: private/military (reference)                                                                                                                                          
   Medicare                                       0.86 (0.69 to 1.08)                         0.91 (0.75 to 1.11)   0.68 (0.46 to 1.01)   1.17 (0.87 to 1.59)   0.96 (0.60 to 1.53)    0.95 (0.75 to 1.19)
   Medicaid/public                                0.71 (0.62 to 0.81)                         0.64 (0.57 to 0.73)   0.58 (0.47 to 0.72)   0.70 (0.58 to 0.86)   0.91 (0.68 to 1.23)    0.60 (0.52 to 0.69)
   Unknown                                        0.62 (0.40 to 0.94)                         0.48 (0.32 to 0.74)   0.52 (0.26 to 1.05)   0.31 (0.13 to 0.72)   0.31 (0.08 to 1.27)    0.44 (0.26 to 0.72)
  Rural/urban residence: urban (reference)                                                                                                                                              
   Rural                                          0.95 (0.80 to 1.14)                         0.97 (0.83 to 1.15)   1.04 (0.79 to 1.37)   1.20 (0.94 to 1.53)   1.41 (0.99 to 2.01)    0.93 (0.76 to 1.15)
  Age group, 20--49 (reference), y                                                                                                                                                      
   50--64                                         0.67 (0.49 to 0.91)                         0.68 (0.50 to 0.92)   0.73 (0.47 to 1.12)   0.59 (0.39 to 0.87)   0.95 (0.39 to 2.27)    0.51 (0.38 to 0.69)
   65 plus                                        0.30 (0.22 to 0.40)                         0.39 (0.29 to 0.52)   0.28 (0.18 to 0.43)   0.25 (0.17 to 0.37)   0.88 (0.38 to 2.07)    0.29 (0.22 to 0.40)
  Charlson Comorbidity Score: 0 (reference)                                                                                                                                             
   1                                              0.93 (0.79 to 1.09)                         0.87 (0.76 to 1.01)   0.75 (0.59 to 0.94)   0.63 (0.51 to 0.78)   0.78 (0.55 to 1.12)    0.55 (0.47 to 0.65)
   \>1                                            0.76 (0.65 to 0.89)                         0.49 (0.42 to 0.57)   0.42 (0.32 to 0.55)   0.30 (0.24 to 0.39)   0.73 (0.51 to 1.03)    0.40 (0.33 to 0.47)
   Unknown                                        1.00 (0.83 to 1.22)                         0.99 (0.84 to 1.18)   0.61 (0.45 to 0.83)   0.53 (0.40 to 0.70)   0.91 (0.59 to 1.41)    0.83 (0.69 to 1.00)
  NCI-designated center: yes (reference)                                                                                                                                                
   No                                             0.63 (0.52 to 0.76)                         0.36 (0.30 to 0.42)   0.73 (0.55 to 0.98)   0.49 (0.39 to 0.63)   1.10 (0.68 to 1.79)    0.43 (0.36 to 0.51)
  Radiation: yes (reference)                                                                                                                                                            
   No                                             0.36 (0.32 to 0.40)                         0.52 (0.46 to 0.58)   0.54 (0.45 to 0.66)   0.61 (0.51 to 0.73)   0.40 (0.30 to 0.52)    0.57 (0.50 to 0.65)

Adjusted for all variables in the table. API = Asian Pacific Islander; CI = confidence interval; NCI = National Cancer Institute; NSCLC = non-small cell lung cancer; OR = odds ratio; SES = socioeconomic status; TKI = tyrosine kinase inhibitor.

Kaplan-Meier survival curves showed differences in survival among the treatment groups examined. TKIs conferred the longest median survival at 18.7 months followed by pemetrexed plus bevacizumab-based regimens (14.6 months), bevacizumab-based regimens (12.8 months), pemetrexed-based regimens (10.9 months), platinum doublets (8.5 months), and single agents (7.1 months). Median survival was shortest in the untreated group of patients (2.0 months) ([Figure 1](#pkz020-F1){ref-type="fig"}).
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Multivariable Cox proportional hazards regression analysis for patients with nonsquamous NSCLC showed statistically significantly better OS for pemetrexed-based regimens (HR = 0.86, 95% CI = 0.80 to 0.92), bevacizumab-based regimens (HR = 0.73, 95% CI = 0.65 to 0.81), pemetrexed plus bevacizumab-based regimens (HR = 0.68, 95% CI = 0.61 to 0.76), and TKIs (HR = 0.62, 95% CI = 0.57 to 0.67) compared with platinum doublets. Single agents were associated with statistically significantly worse OS compared with platinum doublets (HR = 1.23, 95% CI = 1.06 to 1.43) ([Table 3](#pkz020-T3){ref-type="table"}). However, single agents were associated with a better OS compared with no treatment (HR = 0.84, 95% CI = 0.73 to 0.97) ([Table 4](#pkz020-T4){ref-type="table"}). TKIs, bevacizumab combinations, and pemetrexed plus bevacizumab combinations were associated with better OS compared with pemetrexed combinations without bevacizumab (HR = 0.72, 95% CI = 0.66 to 0.78 for TKIs; HR = 0.86, 95% CI = 0.77 to 0.96 for bevacizumab combinations; HR = 0.81, 95% CI = 0.73 to 0.89 for pemetrexed plus bevacizumab) ([Table 4](#pkz020-T4){ref-type="table"}). Male sex, black, Hispanic, and white race/ethnicity (compared with Asian/Pacific Islander), decreasing SES quintiles, public insurance, age 65 years and older, increasing comorbidity score, treatment at non-NCI-designated cancer centers, and care not involving radiation treatment were found to be associated with a higher risk of death ([Table 3](#pkz020-T3){ref-type="table"}).

###### 

Multivariable-adjusted\* HR and 95% CI estimates for OS for treatment groups, stage IV nonsquamous NSCLC, 2012--2014, California

  Characteristic                                   HR (95% CI)           *P*
  ------------------------------------------------ --------------------- --------
  Treatment group: platinum doublets (reference)                          
   Pemetrexed-based                                0.86 (0.80 to 0.92)   \<.001
   Bevacizumab-based                               0.73 (0.65 to 0.81)   \<.001
   Pemetrexed + bevacizumab-based                  0.68 (0.61 to 0.76)   \<.001
   Single agents                                   1.23 (1.06 to 1.43)   .007
   TKIs                                            0.62 (0.57 to 0.67)   \<.001
  Sex: female (reference)                                                 
   Male                                            1.24 (1.19 to 1.30)   \<.001
  Race/ethnicity: API (reference)                                         
   Black                                           1.25 (1.14 to 1.37)   \<.001
   Hispanic                                        1.20 (1.11 to 1.30)   \<.001
   Non-Hispanic white                              1.33 (1.25 to 1.42)   \<.001
   Other-unknown                                   0.93 (0.72 to 1.20)   .56
  Neighborhood SES: 5 (highest SES) (reference)                           
   4                                               1.07 (1.00 to 1.14)   .05
   3                                               1.13 (1.06 to 1.21)   \<.001
   2                                               1.09 (1.02 to 1.16)   .02
   1 (Lowest SES)                                  1.21 (1.12 to 1.30)   \<.001
  Insurance type: private/military (reference)                            
   Medicare                                        1.09 (1.01 to 1.07)   .02
   Medicaid                                        1.12 (1.06 to 1.16)   \<.001
   Unknown                                         1.11 (0.96 to 1.30)   .17
  Rural/urban residence: urban (reference)                                
   Rural                                           1.01 (0.95 to 1.07)   .86
  Age: 20--49 y (reference)                                               
   50--64                                          1.03 (0.93 to 1.15)   .56
   65 and over                                     1.18 (1.06 to 1.30)   .003
  Charlson Comorbidity Score: 0 (reference)                               
   1                                               1.28 (1.21 to 1.35)   \<.001
   \>1                                             1.43 (1.36 to 1.52)   \<.001
   Unknown                                         0.85 (0.79 to 0.90)   \<.001
  NCI designated center: yes (reference)                                  
   No                                              1.42 (1.33 to 1.51)   \<.001
  Radiation: yes (reference)                                              
   No                                              1.15 (1.10 to 1.20)   \<.001
   Unknown                                         3.45 (1.85 to 6.43)   \<.001

Adjusted for all variables in the table. API = Asian Pacific Islander; CI = confidence interval; HR = hazard ratio; NCI = National Cancer Institute; NSCLC = non-small cell lung cancer; OS = overall survival; SES = socioeconomic status; TKI = tyrosine kinase inhibitor.

###### 

Multivariable-adjusted\* HR and 95% CI estimates for OS for treatment groups by subgroups, stage IV NSCLC, 2012--2014, California

  Group                                              HR (95% CI)           *P*
  -------------------------------------------------- --------------------- --------
  Nonsquamous                                                               
  Age under 70 y: platinum doublets (reference)                             
   Pemetrexed-based                                  0.83 (0.75 to 0.91)   \<.001
   Bevacizumab-based                                 0.71 (0.62 to 0.82)   \<.001
   Pemetrexed + bevacizumab-based                    0.66 (0.58 to 0.76)   \<.001
   Single agents                                     1.58 (1.24 to 2.00)   \<.001
   TKIs                                              0.51 (0.46 to 0.57)   \<.001
  Age 70 y and over: platinum doublets (reference)                          
   Pemetrexed-based                                  0.90 (0.80 to 1.01)   .08
   Bevacizumab-based                                 0.76 (0.63 to 0.93)   .007
   Pemetrexed + bevacizumab-based                    0.74 (0.62 to 0.88)   \<.001
   Single agents                                     1.08 (0.89 to 1.32)   .44
   TKIs                                              0.75 (0.66 to 0.85)   \<.001
  Age 70 y and over: no treatment (reference)                               
   Platinum doublets                                 0.70 (0.63 to 0.78)   \<.001
   Pemetrexed-based                                  0.63 (0.58 to 0.70)   \<.001
   Bevacizumab-based                                 0.54 (0.45 to 0.65)   \<.001
   Pemetrexed + bevacizumab-based                    0.52 (0.44 to 0.61)   \<.001
   Single agents                                     0.76 (0.63 to 0.91)   .003
   TKIs                                              0.53 (0.48 to 0.58)   \<.001
  All ages: no treatment (reference)                                        
   Platinum doublets                                 0.71 (0.67 to 0.76)   \<.001
   Pemetrexed-based                                  0.61 (0.57 to 0.65)   \<.001
   Bevacizumab-based                                 0.52 (0.47 to 0.58)   \<.001
   Pemetrexed + bevacizumab-based                    0.49 (0.44 to 0.54)   \<.001
   Single agents                                     0.84 (0.73 to 0.97)   .02
   TKIs                                              0.44 (0.40 to 0.47)   \<.001
  All ages: pemetrexed-based (reference)                                    
   Platinum doublets                                 1.17 (1.09 to 1.26)   \<.001
   Bevacizumab-based                                 0.86 (0.77 to 0.96)   .006
   Pemetrexed + bevacizumab-based                    0.81 (0.73 to 0.89)   \<.001
   Single agents                                     1.38 (1.19 to 1.61)   \<.001
   TKIs                                              0.72 (0.66 to 0.78)   \<.001
  Squamous                                                                  
  All ages: platinum doublets (reference)                                   
   Single agents                                     1.15 (0.91 to 1.45)   .24

Adjusted for sex, race/ethnicity, insurance type, rural/urban residence, age at diagnosis, neighborhood SES, comorbidity score, NCI facility, and radiation treatment. CI = confidence interval; HR = hazard ratio; NCI = National Cancer Institute; NSCLC = non-small cell lung cancer; OS = overall survival; SES = socioeconomic status; TKI = tyrosine kinase inhibitor.

Analysis by age group showed similar results to the model that included all ages, with the exception that in the 70 years or older age group, pemetrexed-based regimens and single agents did not have statistically significantly different OS compared with platinum doublets ([Table 4](#pkz020-T4){ref-type="table"}). Pemetrexed-based regimens were associated with better OS compared with no treatment in this age group (HR = 0.63, 95% CI = 0.58 to 0.70). For patients with squamous histology, single agents did not have statistically significantly different OS compared to platinum doublets (HR = 1.15, 95% CI = 0.91 to 1.45).

In sensitivity analyses with the unknown treatment group combined with the no treatment group, the hazard ratio was slightly lower than the no treatment group alone (HR = 2.15, 95% CI = 2.02 to 2.28 vs HR = 2.55, 95% CI = 2.39 to 2.72 for no treatment group) (Supplementary Table A1, available online).

Discussion
==========

Research advances in the last two decades have shed light on the biology and pathophysiology of NSCLC and resulted in the development of numerous new therapies. Accordingly, we sought to determine the utilization of systemic treatments in a real-world setting that includes patients treated across all facilities in California. We found that many patients with stage IV disease did not receive such treatment. Consistent with other studies, the most common treatment was pemetrexed-based regimens among patients with nonsquamous histology ([@pkz020-B23],[@pkz020-B42]) and platinum doublets among patients with squamous histology ([@pkz020-B23]). We observed a fairly low use of bevacizumab. We found differences in survival by treatment group after controlling for time to treatment and known confounders (age, comorbidity, SES, insurance type, NCI hospital status, and race/ethnicity). All treatment groups except single agents had better OS compared with platinum doublets. Consistent with clinical trial findings and other studies ([@pkz020-B16],[@pkz020-B20],[@pkz020-B22]), TKIs and bevacizumab combinations had better OS compared with other treatments. We found that patients of all ages benefited from all treatments. Finally, we found disparities in treatment use by SES, insurance type, age, and NCI status of treating institution.

From this retrospective observational study, it is difficult to thoroughly evaluate the indications and rationales of specific treatments without knowing more about patient characteristics such as performance status, contraindications to certain treatments, and biomarker test results. However, the utilization of some of the treatments appears to be low. It is estimated that approximately 24% of nonsquamous tumors have TKI actionable mutations (15% EGFR, 7% ALK, and 2% ROS1) ([@pkz020-B6],[@pkz020-B43]). We observed that TKIs were used by only 11.9% of patients with nonsquamous histology. Consistent with other studies, patients taking TKIs were more likely to be female or Asian/Pacific Islander, groups found to have a higher prevalence of EGFR mutations ([@pkz020-B22],[@pkz020-B44],[@pkz020-B45]). Low use could represent delays in incorporating recommended guidelines into clinical practice. Likewise, bevacizumab use (8.1%) also appears low. Patient factors that we were unable to evaluate (performance status, anticoagulation therapy, and brain metastases) likely influenced its use. Recent studies on bevacizumab indicate that the only absolute contraindications to its use are squamous histology and a history of clinically significant hemoptysis, but there are no biomarkers that can predict a favorable response to treatment ([@pkz020-B46],[@pkz020-B47]). Other barriers to use that have been cited include lack of reimbursement and high out-of-pocket costs ([@pkz020-B48]), reasons that could help explain the statistically significantly decreased odds (roughly one-half) of receiving bevacizumab and other treatments for low neighborhood SES patients (vs high neighborhood SES) in our study.

The high percentage of patients receiving no systemic treatment in our study is consistent with other studies that have found proportions of untreated patients with advanced stage disease ranging from 25% to 46% ([@pkz020-B49]). Similar to findings from other studies, a higher proportion of untreated patients resided in low SES neighborhoods, had comorbidities, were older, had non-private insurance, and were seen at non-NCI-designated facilities compared with treated patients ([@pkz020-B27],[@pkz020-B51]). Of note, patients with Medicaid/public insurance (vs private/military insurance) were 30--40% less likely to receive most treatments and patients treated at non-NCI-designated centers were 30--60% less likely to receive most treatments.

Our observation that very few patients with squamous histology were taking pemetrexed, bevacizumab, or TKIs is consistent with NCCN guidelines that patients with squamous histology usually do not benefit from these drugs ([@pkz020-B3]).

Our study showed that patients aged 70 years and older did benefit from all treatments, but treatment use declined with increasing age. Because elderly patients are underrepresented in clinical trials, there is uncertainty regarding drug efficacy and toxicity in this population and undertreatment has been noted ([@pkz020-B51],[@pkz020-B63],[@pkz020-B64]). Given that forgoing treatment is associated with a very poor outcome and newer treatments can be easier to tolerate, all patients should be counseled about their treatment options.

There are several limitations to our study. First, there is a high percentage of patients with unknown treatment. However, sensitivity analysis results suggest that the unknown group may be largely composed of untreated patients. Second, we were unable to assess the use of immune checkpoint inhibitors (eg, pembrolizumab) that target PD-L1 because approval of this class of drug occurred after the study years examined in this analysis ([@pkz020-B12],[@pkz020-B13]). Third, we lack information that is important in treatment selection such as performance status, biomarker testing results, and patient characteristics that may contraindicate treatments. Fourth, we were unable to assess length of treatment or subsequent treatments.

Finally, because there is the potential for biased results due to differences in patient characteristics between treatment groups, we did subanalyses using propensity score methodology (described in the [Supplementary Appendix](#sup1){ref-type="supplementary-material"}, available online) to balance the baseline covariates between patients receiving any treatment vs no treatment and patients receiving bevacizumab or TKIs vs other chemotherapy. Results are displayed as Kaplan-Meier survival curves and hazard ratios and their associated 95% confidence intervals ([Supplementary Figures A2 and A3](#sup1){ref-type="supplementary-material"}; [Supplementary Tables A2 and A3](#sup1){ref-type="supplementary-material"}, available online). The propensity score matching confirmed our finding that patients receiving bevacizumab or TKIs had a survival advantage over patients receiving other systemic treatments that cannot be attributed to differences in comorbidity, age, sex, race/ethnicity, treating facility (NCI designation), and neighborhood SES. It also revealed that many untreated patients were statistically similar to treated patients and might have benefited from treatment.

Despite these limitations, our study was able to harness little used data from text fields to get population-wide information on treatment use and outcomes. Our study included adults of all ages, patients at all hospital types, and all classes of treatments recommended during the study years, making this a comprehensive assessment of stage IV NSCLC treatment utilization in a US population. The inclusion of all hospital types is a major strength of this study. Spence et al. described treatment patterns and survival but only in Kaiser patients, approximately 20% of our study population. Treatment use and outcomes among all patients can extend clinical trial findings and inform researchers and clinicians about effectiveness in all patient types.

Treatment for NSCLC is rapidly evolving, and guidelines are changing quickly as more treatments are introduced. This study showed that there has been modest use of treatments, especially among persons with low SES, indicating possible financial and educational barriers to receiving treatment. This is consistent with several other recent reports showing worse outcomes and lower quality of cancer care for uninsured and publicly insured patients ([@pkz020-B65]). Further research is warranted to better understand patient and provider barriers to the use of effective treatments among NSCLC patients and the role of health insurance in determining which treatment is received.
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